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A n  investigation of the spin and recovery charactsristics of R 

2h 
1 -scale nodel of the hkDonnell xp-88 airplane ha8 been conductad in 
the Langley 20-f-t free-spinning tLqnel. Results of t ea t s  w l t h  R 

conventional tail have been previously reported; the r e s u l t s  presented 
herein a r e  f o r  the model y l t h  a vee tail instal led.  The effects of 
control settings and mvemnts  on the erect and invertsd s p i n  and 
recovery c h s r q c ~ r i s t i c 8  of the model In  the normal loeding were 
determined. Tests of the model in theJ long-range loading  also were 
mede. The investigation  included leading-edga-flap, spin-recovery- 
parachute, md rudder-pedal-force t e s t s .  

The recovery characteristic6 of the model =re satisfactory for  
the normal loading. Deflecting the leadingedge flape.  improved 
recoveries. The results indicated that wlth the external wing tanks 
installed (long-range loadiw>) recoveries may be poor and, therefore, 
if a spin is  i ndve r t en t ly  entered in this  conditlon the tanks should 
be jettisoned i f  recovery does not appear imminent i m d i a t e l y  after 
€ t i s  sttempted. A 10-foot spin-recovery tail parachute with R 
towline 40 feet long and a drag coaff is ient  of 0.63 'vas found to be 
effective for  8pln recovery. The rudder pede1 force required for 8pln 
recovery vas ind icaud  to be within the capabilities of the pi lo t .  

At  the request of the A i r  Materiel Conrman?, Army Alr Forces, an 
investigation  of the spin and recovery chwacter€st€cs of the 
McDonne11 P-88 alrplane w i t h  a conventional L%11 and PA al ternate  
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vee t a i l  has been  conducted vith a -- scale  mde1  in  the Langley 

20-foot free-epinning  tunnel. The resu l t s  of teste of  the model with 
the conventional tail were presented in reference 1. Ths reeulte of 
t e s t s  of the same'mdel vith 8 vbe tail €natalled 81-8 reported herein. 
The McDonne11 XP-88 airplane'is a mldving, Jet-propelled fighter w i t h  a 
swsptback v ing  and Bweptback tail surfaces. 

24 

The erec t  and inverted  spfn an& recovery character is t ics  of the 
model were determined for the clean  condition, nonaal loading. 'Mae 
effect8 of changes i h  loading, changes i n  control  deflections, and 
deflection of ths  xing leading-+dge flaps were also investigated. The 
t e s t  program xaa concluded with t e a t s  to determine  the mininnun tail 
parachute s i z e  necessary to ef fec t   sa t i s fac tory  spin recovery in an 
emrgency and t e s t a  to  determine the force  neceesarg to move t he  rudder 
pedals  for recovery f r o m  a . .  spin. 

" 

b wing span, f e e t  

S wing area, 8qua3-e f e e t  

C wing or   e levator  chord at any station  along  the span 
- 
C mean aerodynamic chord, f ee t  

X / F  r a t i o  of distance of center of gravlty rearward of 
leading edge. of mean aerodpamlc chord to mean 
aerodynamic  chord 

Ix - *Y 
2 i n e r t i a  yawing-zaolaent parmter 

mb 

I Y  - =z 
2 i n e r t i a  rollingjlloment  parameter 

mb 

Iz - TX 
2 inertia pitching+mmnt paramster 

mb 



. NACA RM No. L7523 

P air density, slug per cubic  foot 

3 

U 

B 

relative density of airplans 

angle between water line 26.2 and ve r t i ca l  (approximately 
equal to  absolute  value of angle of at tack a t  plane 
of synrmstry) , degraee 

sngle between span axi 8 and horizontal,  degree8 

f u l l d c a l e  true rate of descent,  feet per second 

full-scale  angular  velocity  about spln axis, revoluttona 
per second 

helix  angle, angle between f l ight   path and vert ical ,  
degrees (For the t es ta  of this model, the average 
absolute mlue of the helix  angle was approximately 
4O .) 

approximate angle of e ides l ip  at center of gravity, 
degrees ( S i d e s l i p  10 hward when inner w i n g  is down 
by an amunt greater  than  the  helix angle .) 

The 1 -acale model of the McDonnelI XP- airplane was b u i l t  and 
24 - . . . - - . . . . - . - - - 

prepared fo r  testing by the Langley Laboratory. The vee tail. was 
instal led on the rpodel after completion of +uta with the conventional 
ta i l .  A three-view drawing of the model aa tostud i n  the clean condition 
is shown In  figure 1. A photograph of the model is shown a s  figure 2. 
Figure 3 shows the i n s t a l h t l o n  o f  the wing-tlp fuel tank8 for the 
long-range loading. The dimbxmlonal. characteriatlca of the airplane 
a m  given in   table  I. With the vee tail ins  t a l b d  on the model, the 
other variables such as w e i g h t ,  center of gravity, and rrpnrsnt of i n e r t i a  
were the 8- as those for  the d e l  w i t h  the conventional tail. 

The mde1 was ballasted vlth lead weight8 to obt8in dynamic 
similarity to the airplane a t  an a l t i tude  of l5;OOO feet  
( p  =- 0.001496 s l u g  per cubic foot ) .  A rsmte-control mschanlem w a 8  
instal led  in   the mdel to actuate ths controls   or  open the  parachute 
for recovery tests. Suff ic ient  moments were exerted on the  control 
surfaces to reverse the controls f u l l y  and rapfdly. 
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The t r a i l i ng  edge of the vee tail vas  equipped w i t h  mvable  control 

surfaces  designated  "ruddervator8 ." These surfaces w e r e  mved  together 
to  provide  longitudinal  control and d i f fe ren t ia l ly   for   d i rec t iona l  
control .   In   the normal manner, then,  longitudinal mvernents  of the 
s t i c k  provided  longitudinal  control and nrovemsnt of the rudder  pedals 
provided dlrectlonal  control.  For convenience in this report, low- 
tudinal movement of the s t i c k  w i l l  be referred to as elevator  deflection 
and rudder pedal mveraent vill be referred to ae rudder  deflection. The 
equivalent of full elevator   def lect ion and full rudder  deflection  could 
be obtained  simultaneously with no restrictione being placed on lrrovepent 
of  the  ruddervatore. 

Taildamping power factor, a8 given in table I, waa computed from 
the formula given i n  reference 2 by arbitrari ly  considering  the fixed 
area as that of the fuselage below the vee tail and the movable area 
as that of one ruddervator. 

Wind riurnel and Testing Technique 

The =del t e s t s  were performed in the Langley 20-foot A-es-spinning 
tunnel, the oper&tlon of which i e  similar t o  that described i n  
reference 3 f o r  the Langley l F f o o t  free-spinning  tunnel. The technique 
used for  obtaining and converting data on the XP-88 model was the a m  
as that used in'reference 1. The drag  coefflcients of the parachutes 
used for  the  spin-recovery-parachute teats  reported herein w e r e  measured 
at  the tims of the t e s t s .  

PRECISION 

The model t e s t  results presented  herein are believed t o  be the 
true values  given by the =de1  within the following limits: 

a, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
8, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . .  KL 

V, percent . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
n, percent . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

f r o m  motion"picture  records 

LZ from visual observation . . . . . . . . .  {F I Turns for- recovery 

The preceding limit8 may have been  exceeded for   cer ta in   spins  in 
which it was d i f f i c u l t  to control the model i n  the tunnel becauee of 
the high rate of descent o r  because of the wandering nature of the spin. 
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Comparison between mxle1- and airp1ane"spin  results  (re Ferences 3 
and L) Indicates that spin--tunnel results are  not slways i n  complete 
agreement, with  airplsne+pfn  results.  In general, the mde1 spins 
at a somewh8t smaller angh of sttack, a: a somewhat W&er r a t e  of 
descent, snd with 5' %I lao more ou%ard si.5eslip than the  airpletne . 
The comparison made in  reference 4 showed that approximately 80 percent 
of the  mdel-recovery tes te  predicted sa t l s f ac tu r i ly  the corresponding 
alrplane-recovery  characteris  tics and that approximately LO percent 
overesthated and 10 percent  underestimated the afrplsne-recovery 
Characteristics. 

Because of the  impracticability of exact  ballasting of the d e l  
and because of inadverten2 t o  the mde1 during the testa, the 
measured weight and mass dist r fbut lon of the model varied from the 
true scaled-dowl  values by the f o l l d n g  amun:,~: 

Weight, percen: . . . . . . . . . . . . . . . . . . .  0 low to 2 high 
Center-of-avity location,  percent F . . . .  1 forward to 1 rearvard 
Ix, percent . . . . . . . . . . . . . . . . . . . .  I high 5 high 
Iy, percen2 . . . . . . . . . . . . . . . . . . . .  l h i g h  t o g h i g h  
TZ, percent . . . . . . . .  : . . . . . . . . . . .  1 high to  10 high 

The accuracy of lrrsaeuring the weight and mass dis t r ibu t ion   ia  
believed to be vi thin :he follovlng limits: 

We:ght, percent . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Cente r-of-gravi t y  location,  percent c 2l 
Momsnts of iner t ia ,  percent . . . . . . . . . . . . . . . . . . .  5 
The controls were set  with an accuracy of 5 O .  

- . . . . . . . . . . . . . .  

Teste were performed for   the mdel conctitlons l isted in 'able 11. 
The mass character is t ics  and inertia parametera for h a d i n g s  possible 
on the  a i rplme and for the loadings. of  the mole1 d . r i n g   t a s t e  are 
shown i n  a b l e  111. The i n e r t l a  paranreters for the loadings possible 
on the McDonnell XP-88 a i r p h n e  and fo r  the loadings tas ted on 'de 
d e l  are also shown i n  figure L .  AB discussed  In reference 5,  a 
plo t  such 88 figure 4 can be useful i n  Fredlcting the   re la t ive 
effectiveness of the  controls on the recovery  characteristXcs of 
models. 
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The maxilmun control  cteflectione used in the t ea t s  were as 
follows : 

Rudder, degrees . . . . . . . . . . . . . . . . . .  x) r ight ,  X) l e f t  
Elevator,  degrees . . . . . . . . . . . . . . . . . .  25 up, 15 down 
Ailerons, degree8 . . . . . . . . . . . . . . . . . .  20 up, 20 d a m  
Leading-edge flaps, degree6 . . . . . . . . . . . . . . . . . .  30 down 

Intermsdiate  control  deflectione wed were a8 follows: 

Rudder, tvo"thircL8 deflected, degmes . . . . . . . . . . . . . .  131 
3 

Elevator, twc-thlrds up, degrees . . . . . . . . . . . . . . . . .  1% 
Ailerons, one-th€rd deflected, degrees 6- 2 3 . . . . . . . . . . . . . .  

RESULTS AM) DISCUSSION 

The resu l t s  of the spin tes ts  of the model are presented in 
charta 1 to  4 and i n  table X. The model data are presented in terms 
of the full-scale  values for the aim-. at a t e s t  a l t i t ude  of 

the mods1 i n  the  clean  condition  (cockpit C h B e d ,  f l a p s  neutral, and 
landing gear retracted).  Result6 for right and left spins were quite 
sfrn:lfw; therefore, only the results fo r  right spins are presented. 

l5,'OOO feet.  UdeS8 Otherwise stated, d l  teats  YB- performed with 

Erect  spina .- The results of erect-spin t e s t e  of the model i n  the 
normal-loadIng  (loading point 1 In table 111 and figure 4) are sham 
i n  chart 1. The spin and recovery  characterfstics of the &el were 
very  satisfactory.  The s p i m  were*generally wandering, but not very 
o s z l l h t o r y ,  and were a t  f a i r l y  steep att i tudes.   Ailerons'against   the 
spin were sl ightly detrimental but only resulted  in  unsatisfactory 
recoveries vhen the s t i c k  w a s  full fo,rard. 

Inverted s p i n s  .- The reeul ts  of the inverted-spin tests of the 
d e l  i n  the normal Loading are  presented i n  chart  2. The order uaed 
for  presentlng the data  for lnvertsd spins is the 8- as  that of 
reference 1. 

The in-mrted-spin-recovery character is t ics  of the mde1 were 
generally  sati8,Pactory although it was indicated that f o r  recovery, 
the 8 tick should be maintained full forward. Recoveries  coul3 
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m 
generally  not be obtained u l th   s t l ck  bazk xhtch I s  believed due to  the 
f ac t  tha? both  rucidervstors were inside the vee azad thus  probably 
shtel5ed md inePfectlve in stopping the spinning  rotation. 

Leading-Edge Fhpa  Deflected, Normal Loading 

The resu l t s  of tes ts  with the leadin-ge f laps  deflected, 
normal loading, are presented fn chart  3.  The node1 e i the r  would not 
spin or recovered  rapidly f r o m  all spina  attempted. These recovery 
charas te r i s t ics  were s l ight ly   superior  to those w i t h  the flaps neutral .  

Long-Range loading 

Test resul ts   obtaimd  with the model i n  the long-range loading 
(loading  point 2 i n  table I11 and figure 4) are presented i n   c h a r t  4. 
Th€s loading was obtained by ins ta l l ing   ex terna l  wing-tip fue l  tanks. 
The r e su l t s  show two condittom when the  &levator wa8  up. When the 
elevstor  was up, the model, when launched into th9 tunnel, continued 
to   sp in  i n  the f l a t   a t t i t u d e  at whtch i t  m a  launched for an abnormally 
long time but, in  all cases,  eventually,  the model steepened azln stopped 
spinning  without the controls  being =;red. It wa6 f e l t  that th i s  
r e su l t  was an Indication that the afrplane might have either or  both 
conditions, one a f l a t  spin, and the second a "no spin" and therefore 
the resu l t s  are presented a8 two possible conditione. Uhetn recovery 
w a s  attempted from tho flat  spin,  recoveries by rudder reversal alone 
o r  by slmltamoua rudder and elevator r e v e r e d  were unsatisfactory.  
On the basis of these resu l t s ,  it is  recommended that i f  the AirpLane 
enters  a rlat epin tn the lonerange loading and i f  recovery is not 
imminent 8oon after i t  is attempted,  the tanks ehould be. jet t isoned 
and the recovery  attempt repeated. 

Spirr-Recovery Parachute8 

Results  of  spin-recovery-parachte  teste are presented i n  
table IV. A tail parachute,  the  equivalent of a full-ecale parach=lte 
10.0 feet In diameter with a' t o w l i n e  40 feet long,effected  satisfactory 
recoveries of the model by parachute  action alone. 

Rudder Forces 

The discussion of the results 80 far has been  based on zontrol 
effect€veness alone without regard to the forcea  required t o  w v e  the 
controls. Ae previously IPsntioned, for  a l l  tes ts  sufficient  force  uas 
applied  to  the cogtml+ to -+ve t h e m  f u l l y  and rapidly.  Suff  iclent 
force m e t  be applied t o  the airplane control8 move thsm fn a 
eimilar manner in  order for the model aml airplane  resul ts  to be 
comparable. 
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Tests to  determine the rudder  forces were made i n  the 8- IIbanner 
as thar. described in   reference 1. Testa w e r e  Iltsde for the =de1 i n  the 
normal loading,  clean  condition. The pedal  force was found to  be^ 
approximately 210 pound8 from the model testa. Because of lack of 
d e t a i l  In the rudder  balance  of the model, of inertia mass-balance 
e f fec ts ,  anit of  ecale effect, this resu l t  l e  only a qual i ta t ive 
indication of the  actual  forcee that may be experienced but i t  is 
believed to show that the forces encountered vlll be within t b  
capabi l i t i es  of the pilot. 

Landing Condition 

Tests were not made i n  the landing con$ition for the s a m  reasons 
they w e r e  not made f o r  the -de1 with the conventional tail 
(reference 1) . 

Based .on r e s u l t s  obtained with the model and  upon general Bpin- 
tunnel exprience,  it i s  recommended that f o r  erect spins  the normal 
recovery  technique be followed. That ia, the rudder should be reversed 
br i sk ly  f r o m  full with the  spin to  fill against the spin followed 
approximately one-half turn later by mvemsnt of the st ick fo rna rd  of 
neutral w h i  l e  maintaining it l a t e r a l l y  neutral;   care should be 
exercised t o  avold excessive ratas of acceleration :n the recovery 
dive  For recovery f r o m  inverted epins, the 8 t i ck  should be 
maintained fill forward while reversing the rudder. 

COMPARISON OF CONVEXTIOI'$AI&PAIL AM) VEE-TAIL P!ULTS 

A comparison of the t e s t  r e s u l t s  obtained x l th  the nodel with the 
conventioml tail (referense 1) and with the vee tail fndicates that 
the vee ta i l  i s  superior in regard +A sp in  and. recovery characterfat ics .  
N o m 1  load:ng, erect  spins, uith the ailerons neutral  o r  with the spin, 
were sirdhr fo r  both tails; but when the ailemna were fkll against  o r  
86 much 8 s  1/3 agalnst the spin, the recoveries were unsatisfactory w i t h  
the conventioml tail an& satisfactory with the vee tail. When the 
model w a s  i n  the long-range loading, the flatitype sp in  on ly  occurred 
when the elevator was up Kith the vee tal 1, but i t  occurred for all 
elevator settines wi:h the  conventional tai l .  The recovery CWC- 
t e r i s t i c s  of the mde1 f r o m  inver'ed spins were bet+uer w5 t h  the 
conventional t a i l  but, Inasmuch as the resovery  c m c t e r i e t i c s  from 
inYerte3 spins w i t h  the vee tail w e r e  oonsidsrad eat lsfec+ary,  thjs is 
not an important  difference. There w a s  little difference in t he  



NACA RM No. L7523 9 

spi~recovery-par'achute  requlremsnts o r  in the rudder pdal forces 
encountered. From the  spinning  viewpoint, therefore, it appears 
desirable that the afrplane be equf p p d  with the m e  tail. 

coNcIusIo~ 

Based on results of spin tes ts  of a --scale mde1 of tbe 

McDonneIl XP48 airplane w i t h  a vee tail, the following conclusions 
regarding the spin en6 recovery  characteristics of the  airplane at 
an altitude of 15,OOO feet have been brawn: 

1 
24 

1. Recoveries of the airplane from erect spins in the normal 
loading w i l l  be .satisfactory.  Recovery should be attempted  by reversal 
of the rudder f u l l y  and repidly, followed approximately oneklf turn 
later br mvemnt of the stick  forward of neutral w h i l e  main5ainlng 
it laterally  neutral. 

2. Recover€ea f r o m  inverted  spins will be satiafectory and should 
be made by  rudder  reversal while maintalning the s t i c k  Full forvard. 

3.  Recoveries f r o m  erect spins xi th the leadiwdge flaps 
deflected  were improved over thoae  obtained with the  flaps neutral. 

4. Recoveries f r o m  e rec t  spins in the long-range loading ( e x t s m l  
wing-tip tanks bstal led)  mey be uneatiefactoq-. If a spin is entered 
in this condition, recovery should be  attempted inmediately anC, i f  
recovery does not appear  to be imminent,  the tanka should be jettisoned. 

5 .  A lO.f)-foot+iiarmtr tail parachute with a towline of 40 feet 
w i l l  be  satisfactory for emrgensy recoveries f r o m  spins. This s i z e  is 
based on e drag  coefficient of 0.63 f o r  the lald-out-flat surface  are%. 

6. The  pedal forces necessary to mve the rudders to effect 8atis- 
factory  recovery u i l l  be within the  phyeical  capability of the'pilot. 

Langley Memrlal Aeroriautical  LaboratorF 
Netional Advisory Committee for ~ ~ ~ U t i C 8  

Lagley  Field, Va. 

Theodore Bernan 
Aeroneutisal  Ehg€neer 

Approvd: 
i "lmlpas A. Herri 8 

Chief of Stability Research Division 

MLE 
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Length over dl. ft . . . . . . . . . . . . . . . . . . . . . . . . .  54.25 
Normal center-& -pa t y  locatian. percent E . . . . . . . . . .  19.6 
wing: 

Span. ft . . . . . . . . . . .  
Area .  sqft  . . . . . . . . . .  
Sweepback a t  c/h. deg . . . . 
Incidence. deg . . . . . . . .  
Dihedral. de@; . . . . . . . . .  
Section . . . . . . . . . . . .  
Aspect r a t f o  . . . . . . . . .  
Mean aemdylaamic chord. c fn . 
Leading edge of F r e m  of 

- 

Chord. Fn . . . . . 

. . . .  . . . .  . . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  
1“ . . . .  

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  
edge of root . . . . . . . . .  

. . .  . . .  . . .  . . .  . . .  
NACA . . . .  . . .  
. . .  

Ailerons : 
Area. a q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  18.4 
span. percent b/2 . . . . . . . . . . . . . . . . . . . . . . . .  37.8 
Hirge-lbe location. percent wing chord . . . . . . . . . . . . . .  75 

Tail : 
A r e a  in chord plane. sq ft . . . . . . . . . . . . . . . . . .  g2-0 
Area in ver t i ca l  projecticm. sq ft . . . . . . . . . . . . . .  59.1 
A r e a  Fn horizontal  projectim.. sq ft . . . . . . . . . .  .- . .  70.4 
Ruddervator mea aft hbge line in chord p h e .  aq ft .! . . 24 . 0 
Dihedral. aeg . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Sweepback at c/4. deg . . . . . . . . . .  - . . . . . . . . . . . . .  35 
Distance fkm normal cenkr  of gravity to ruddemator hiqp 

line at a te r sec t im  of me. ft . . . . . . . . . . .  . .  26.09 
T a i l w i n g  parer factor . . . . . . . . . . . . . . . .  1709 x 10 -6 
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Model wlues 

1 -388 X 10'' 53,890 43,748 12,604 24.9 15.7 0.061 0.206 16,681 NOXQBZ 

2 333 128,888 48,764 &,e6 31.8 20.0 .047 .350 21,268 '~3 
range 
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@ding point 1 on table 111 and figurs b all flips neutral; mckpit oloned; mobvery 
attempted by rapid full rudder rerermd exoept a8 noted (reoovery attempted f r o m  and steady- 

.* a win 8ata prerented for, nxdde-uith t a p i n s f ;  r w t  u m o t  spin3 

* a  

a. 
a m  

bReoovary attempted  before model reached  final 
9andering rpin. 

%corery  attempted by reversing rudder f r o m  p o d e l  
steeper attitude.. 

full with to 2/3 against  the spin. ccnyertea to 
ccrreeponalsg  

L rnr.er wing UF 
lull-scale v a l u e s .  

3 e? C inner  x i n g  dowr; 
Turns  f o r  
reccrery 
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CHART 2.- INVERTED SPW AHD RGCOVERY CUEIACTEFUSTIOS OF THE =-SCALE 1 MODEL OF THE 
HOWANELL XP-M AIRPLANE WITB VEE TAIL INSTALLED  IH TEE H O W L  IDADIAO 

Loading po-lnt 1 on table  111 8nd figurn + a l l  n a p n  neutral;  oockplt closed; reomem ‘ attempted by rapld f u l l  mdder reveradl (recovery rttrnpte , and etead.y-npin data 
prenented tor, rudder-with spin#); mlation to pilot’a rigvmm 

d 
& 

E 
h 
0 

t! 
4 
c1 
W 

TNO type8 o f  spin 

aReoovery attempteb  before m o d e l  reached 
f i n s 1  steeper  attitude. 

- p j  210 0. 

. ” 
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GRART 3.- SPIN AND REoOYERP CAAUCTERISTLCS OF 'IHZ: &MALE HODEL OF THE HCDOMlELL XP-M 

EUomal loading (point 1 on table 111 and rLgu-0 $1; trailing-edge  flaps  neutral;  oockplt  olorsd; 
reoomry attemptad br rapid full rudder r e v e r e d  (reewe attespted fmm, and ateadprpin 
data preasnted for,  ruddrlcwith apinr); right ereot aping 

AIRPUNE YLTE YEE TAIL IWTlrLLED W I T H  TEE LEISIPCI-EDGE FLUS DEFECTED 30' 

a q 
I 

b , 

El Ao epin 

d 

r 
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P 

- 0  e - +  
b c r  

k M  

30 
Ailerons full against Alleronr full w l t h  

(at lck l e f t )  (Stiok right) 
4 

I 

PRecorcry attempted by ai.#lUltMeOUE reVersPl  
of the rudder from f u l l  wlth t o  f u l l  
againgt  the rpin and o f  the elevator rroa! 
full up t o  full down. Kodel v a l u e s  

ccnverred Lo 
corrcspondrng  
full-scsle raIucs. 
L! inrcr w i n g  up 
I! inner wlng down on 
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F'ipurc :!.- 'I'he --sc.ale model of the Mcnonnell XF"88 airplane with vee tail installed, 1 
:'A 
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‘Y - IZ RELATIVE MASS DISTRIBUTION ~ W 
m b2 INCREASED ALONG THE WINGS 

FIGURE  INERTIA PARAMETERS FOR LOADINGS OF THE McDONNELL xp-88 
AIRPLANE AND FOR THE LWDINGS TESTED ON THE &-SCALE MODEL. 
(POINTS ARE FOR LCI~DINGS u STED IN TABLE m), VEE TAIL INSTRLUD. 
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